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REMARKS 

Claims 26, 27, 29-34, 41-44, and 46 are pending in this application. Claims 26, 27, 
29-34, 41-44, and 46 stand rejected. No claims stand objected to. The Applicants herein 
amend Claims 26, 27, 20-35, 41-44, and 46 to clarify the scope of the instantly claimed 
invention. These claim amendments find support in the original claims. The Applicants also 
herein add new Claims 51-56. New Claims 51 and 52 find support at page 5, line 30 through 
page 6, line 9 of the as-filed specification, and in the as-filed claims. New Claim 53 finds 
support at pages 5, lines 8-10 and line 30, and page 9, lines 12-23, as well as elsewhere in the 
as-filed specification. New Claims 54 and 55 find support in the as-filed claims, as well as in 
the specification from page 2, line 20 through page 3, line 26. New Claim 56 finds support 
in the as-filed claims, as well at in the as-filed specification at page 5, line 30 through page 6, 
line 23. Therefore, none of these claim amendments raise issues of new matter. 

At the outset, the Applicants wish to thank the Examiner for the courtesy she showed 
the Applicant's undersigned attorney, Dr. Crepin, and Dr. Neumeier in the interview on 
February 28, 2006 (herein "the interview"). First, the interview entailed a discussion of the 
outstanding section 112, second paragraph rejections. The Examiner agreed that, if the 
Applicants deleted the portion of those claims that related to multiple dosing, and added new 
method and/or kit claims to cover these embodiments, they could overcome this rejection 
without violating the Restriction Requirement dated June 20, 2003. 

Next, the interview turned to the various rejections under 35 U.S.C. § 103 that the 
Examiner made in the Final Office Action. During that discussion. Dr. Neumeier explained 
to the Examiner the difference between epidemic, also known as seasonal flu, and pandemic 
flu; this distinction pertains to whether the population is primed, as in an epidemic, or 
unprimed, as in a pandemic. At that time. Dr. Neumeier wrote down on a blank sheet of 
paper the dates of all of the 20* century pandemics and their associated flu virus subtypes. 
The Examiner asked to retain this sheet as an exhibit, which is referred to in the Interview 
Summary, and the Applicants agreed to leave it with her after the interview. That sheet of 
paper exhibit is the sole exhibit that was discussed in the interview. After Dr. Neumeier 
explained how developing a flu vaccine for an epidemic differs from doing so for a 
pandemic, the interview turned to the five cited pieces of art from the Final Office Action. 
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Subsequently, the Examiner mentioned that she did an internet search on pandemic 
flu the morning of the interview. In conjunction with this search, she indicated that she found 
the following three documents, copies of which she supplied to the Applicants' undersigned 
attorney during the interview, that she contended could be relevant to the instant application: 
(1) Enserink, Science 310: 1889 (Dec. 23, 2005) (copy enclosed); (2) 

http://www.newscientistcom/channel/halth/bird-flu/dn8478 (Dec. 16, 2005) (copy enclosed); 
and (3) "WHO Meeting on Development and Evaluation of Influenza Pandemic Vaccines, 
Sanofi Pasteur, France — ^H5N1 Vaccine, Nov. 2-3, 2005", 

www.who.int/entitv/vaccine research/diseases/influenza/gerdil.odf (downloaded Feb. 28, 
2006) (copy enclosed). None of these three pieces of art constitutes prior art to the instant 
application, and the Examiner indicated that she had yet not decided whether she would make 
a rejection based upon any of this newly discovered art. As the Interview Summary reflects, 
none of these three pieces of art contains data on aluminium-adjuvanted H5N1 pandemic 
vaccine in humans; the Examiner further indicated that, should such data become available 
during the prosecution of the instant application, it could become relevant to the enablement 
of the H5N1 dependent claims in the instant application. 

CLAIM RE.IECTIONS UNDER 35 U,S.C, § 112 

Claims 26-35, 41-44, and 46 stand rejected under 35 U.S.C. § 112, second paragraph, 
as allegedly indefinite. Specifically, the Examiner contends that the phrase, "combined 
dose" in these claims fails to define the metes and bounds of the composition that Applicants 
intend to claim. During the interview, the Examiner suggested that the Applicants break out 
the portions of these rejected claims that relate multiple doses into method and/or kit claims, 
and that the introduction of such new claims would not violate the Restriction Requirement 
dated June 20, 2003. 

In response to these rejections, the Applicants herein amend Claims 26-35, 41-44, and 
46 to remove the recitation of "combined dose". In addition, the Applicants herein add new 
Claims 51 and 52, which recite methods of treatment with the instantly claimed vaccine 
composition, as well as new Claim 56, which recites a kit comprising the same. In view of 
the Examiner's statements during the Interview, the Applicants submit that these claim 
amendments render these rejections moot. Accordingly, the Applicants respectfully request 
reconsideration and withdrawal of the rejections of Claims 26-35, 41-44, and 46 under 35 
U.S.C. § 112, second paragraph. 
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CLAIM REJECTIONS UNDER 35 U,S,C, § 103 

Claims 26, 27, 29-34, 41-44, and 46 stand rejected under 35 U.S.C. § 103 as allegedly 
unpatentable over the combined teachings of Couch, et al, (J. Infect. Dis., 176: S38-S44 
(1997)), Chaloupka, et al, {Eur. J. Clin. Microbiol. & Infect. Dis., 15: 121-127 (1996)), and 
either or both of Schenk, et al, (Pharmatherapeutica, 3(3): 201-308 (1982)), and Pressler, et 
al, {Pharmatherapeutica, 3(3): 195-200 (1982)). The Examiner argues that Couch, et al. 
"explicitly suggests developing adjuvants to produce satisfactory immune responses with 
lower doses of antigens to decrease the burden of vaccine production in a pandemic 
circumstance." See the sentence bridging pages 5 and 6 of the Office Action dated February 
11, 2004. She opines that Chaloupka, et al teach that current influenza vaccines are required 
to contain 15 |LLg hemaglutinin per dose. The Examiner further alleges that Schenk, et al. and 
Pressler, et al. both teach that the aluminium-adjuvanted vaccine is superior in persons 
without previous immunity to the influenza strain used. She then concludes that, "in order to 
carry out the suggestion of Couch to produce satisfactory immune response with lower doses 
of antigen to decrease the burden of vaccine production in a pandemic circumstance, it would 
have been within the ordinary skill of the art to choose an aluminium-based adjuvant, with a 
reasonable expectation of success." See Final Office Action at page 3. 

The Applicants respectfully traverse these rejections. For a proper obviousness 
rejection under section 103, the Examiner has the burden of establishing, prima facie, with 
evidence or reasons that, inter alia, at the time of the invention: (1) the prior art of record 
would have motivated one of ordinary skill in the art to make or carry out the combination 
and modification of the prior art as suggested by the Examiner to arrive at the claimed 
invention; and (2) "the prior art would also have revealed that in so making or carrying out, 
those of ordinary skill would have had a reasonable expectation of success. Both the 
suggestion [or motivation] and the reasonable expectation of success must be founded in the 
prior art, not in [Applicants'] disclosure." In re Vaeck, 20 U.S.P.Q.2d 1438, 1442 (Fed. Cir. 
1991) (citations omitted). 

During the interview. Dr. Neumeier elucidated the differences between developing a 
flu vaccine for epidemic influenza strains to be used in a primed population, versus doing so 
for a pandemic influenza strain to be used in an unprimed population. She listed the three 
major pandemics of the 20* century with their HN types as follows: 1918 (HlNl), 1957 
(H2N2), and 1968 (H3N2). Dr. Neumeier stressed that anyone bom after 1968, the last flu 
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pandemic, would be unprimed with regard to the H2N2 subtype. Persons bom before 1968 
would be considered comprise the primed population. A pandemic is defined as a situation 
wherein a substantial portion of the world population is unprimed. When referring to the 
cited art, the Applicants submit that it is important to distinguish between teachings in a 
primed versus unprimed population; one cannot conclude that an unprimed population will 
have the same strength and duration of response to a flu vaccine then will a primed 
population. 

Schenk, et al. reports data from unprimed (24 years or less) versus primed (over 24 
years) subjects with six monovalent flu vaccines, three of which are fluid, and three of which 
are adsorbed. During the interview, Dr. Neumeier explained the relevance of this 
primed/unprimed distinction with respect to Table 2 of Schenk, et aL (page 205). As of the 
1982 publishing date of Schenk, et aL, subjects over 24 years old were primed, while those 
under 24 years old were unprimed with respect to the vaccine antigen A/New Jersey/8/76 
(HswlNl). Table 2 shows HAI antibody titres (reciprocal values) at increasing dose ranges 
over time. At day 30, for example, the adsorbed vaccine in the younger population (24 years 
or less) gave the following results: 86.4 (54 lU/dose), 259.9 (108 lU/dose), and 160.0 GMT 
(216 lU/dose). At the same time point (day 30), the primed population (over 24 years) shows 
dramatically different results for the adjuvanted vaccine tested: 570.0 (54 lU/dose), 211.1 
(108 lU/dose), and 735.2 GMT (216 lU/dose). These starkly contrasting data from Table 2 of 
Schenk, et aL powerfully illustrate Dr. Neumeier' s distinction regarding the primed versus 
unprimed immune status of a population when formulating a flu vaccine. The Applicants 
assert that the results of Table 2 would not have motivated the skilled artisan to choose the 
low dose. In fact, the Applicants submit that Table 2 of Schenk, et aL teaches away from 
lowering the dose of antigen in an unprimed population. 

The Applicants also point out that Schenk, et aL does not use the same way to 
quantify the HA as do the Applicants in the instant application. The amounts of antigen used 
in Schenk, et aL are standardized by HA assay which is then translated to International Units 
(LU.). In the application single-radial-diffusion (SRD) method is used to quantify and 
standardize the HA content as |ig/dose; From the data in Schenk et aL, it is impossible to 
extrapolate or bridge the two different measurement units. To buttress this argument, the 
Applicants enclose Wood, et aL, J. of Biological Standardization, 5: 237-247 (1977). The 
Applicants direct the Examiner's attention to the second and third paragraphs on page 237 of 
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Wood, et ah Therefore, the skilled artisan would be wholly unable to ascertain what dose 
Schenk, et al employed. 

For all of these reasons, the Applicants contend that Schenk, et aL neither teaches nor 
suggests the instantly claimed invention with a reasonable expectation of success. In fact, in 
view of the points that the Applicants made above with respect to primed versus unprimed 
populations, low dose, and adjuvants, they submit that Schenk, et al. teaches away from the 
instantly claimed invention. A reference should be considered as a whole, and portions 
arguing against or teaching away from the claimed invention must be considered. Bausch & 
Lomb, Inc, v. Bames-Hind/Hydrocurve, Inc., 230 U.S.P.Q. 416, 419 (Fed. Cir. 1986). 

Couch, et aL, a review article, which was published 15 years after Schenk, et ah, but 
does not cite to Schenk, et aL, only contains data on an epidemic flu vaccine {i.e., a primed 
population). Couch, et aL teaches failures with newer, more complex adjuvants {see S40 and 
S42). S40 indicates: 'Thus, addition of a number of newer adjuvants to IVVs has not yet led 
to increases in serum antibody responses comparable to those reported decades ago." 
Aluminium, which the instant claims recite, is an older and simpler adjuvant. The Applicants 
submit that Couch, et aL also teaches away from the instantly claimed invention, because it 
teaches increasing the dose of antigen to increase magnitude and duration of response. See 
the last sentence of the abstract: "Increasing the doses of hemagglutinin and neuraminidase, 
using adjuvants or immunomodulators, and administering IVVs by the mucosal route could 
improve performance of the vaccines." By contrast, the instant claims recite only low doses 
of vaccine, i.e., no more than 15 jig. Also, the only mention that Couch, et aL, makes about 
an alum adjuvant is in a historical sense: "Adjuvants substantially enhanced serum HAI 
antibody responses of vaccines used during the 1940s and 1950s; both alum and water in oil 
emulsions were used . . . ." See S40. As Dr. Neumeier noted, during this time period, the 
population would have been primed for the antigens contained in the vaccines used during the 
1940s and 1950s. 

Moreover, the few instances where Couch, et aL raises the issue of developing a 
pandemic flu vaccine, it only does so in an entirely tentative way. For example, S41 of 
Couch, et aL provides: "Adjuvants could be of particular value in pandemic circumstances 
either for the large number of persons who would be primed or as a means of conserving 
antigen that is available in limited quantities." (emphasis added). In addition. Couch, et al, at 
S42 states: "Thus IVVs can prevent pandemic influenza, but there is uncertainty about 
which IVV characteristics are necessary and the vaccination time frame. . ." (emphasis 
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added). In addition, on S42 under "Final Comments", Couch, et al. state: "Moreover, there 
is experience available from prior pandemics suggesting that IVVs may be even less 
effective in pandemic situations than in interpandemic epidemic outbreaks." (emphasis 
added). 

The Applicants submit that these speculative statements in Couch, et ah provide no 
motivation to the skilled artisan to combine its teachings with Schenk, et ah to arrive at the 
instantly claimed invention. At most. Couch, et al calls out for further research into the 
pandemic flu vaccine production field. It is improper to reject claims as "obvious to try" 
where the motivation to combine references arises merely because the subject matter of the 
claimed invention is a promising field for experimentation, although the prior art provides 
only general guidance as to particular form of the claimed invention or how to achieve it. In 
re OTarrelU 1 U,S.P.Q.2d 1673, 1681 (Fed. Cir. 1988). 

Chaloupka, et ai, a review article that characterizes six commercially available, 
inactivated, trivalent vaccines, contributes only the standard dose of flu vaccine of 15 |big. 
Otherwise, the Applicants respectfully submit that Chaloupka, et al is totally irrelevant to the 
instantly claimed subject matter; it makes no mention of adjuvants or pandemic, whatsoever, 
not does it suggest developing improved flu vaccine formulations. Moreover, the Applicants 
acknowledge, at page 4, lines 26-27 of the as-filed specification, that they consider 15 ng of 
vaccine to be a regular dose. 

Pressler, et aL use a low dose, bivalent vaccine in a primed population (vaccine 
components A/Victoria/3/75 and B/Hong Kong/8/73 that circulated 3 and 5 years before 
study start). By contrast, the Applicants claim a monovalent, low dose vaccine to be used in 
an unprimed population. The only common link between the instant application and Pressler, 
et al. is the low dose. As the Applicants argue above with respect to Schenk, et aL a primed 
population is not relevant to the instantly claimed invention; by definition, a population in a 
pandemic is unprimed, as discussed above. 

In view of the foregoing arguments, the Applicants respectfully submit that Schenk, et 

aL, Chaloupka, et aL, Couch, et aL, and Pressler, et aL, neither alone, nor in combination, 

would have motivated the skilled artisan to arrive at the instantly claimed vaccine with any 

reasonable expectation of success. Although the prior art could be readily modified to form 

the claimed invention, "[t]he mere fact that the prior art could be so modified would not have 

made the modification obvious unless the prior art suggested the desirability of the 

modification." In re Laskowski, 10 U.S.P.Q.2d 1397, 1398-99 (Fed. Cir. 1989). 
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Furthermore, the Applicants submit that the only way that one could arrive at their invention 
from the cited art is through engaging in impermissible hindsight reconstruction. "It is 
impermissible . . . simply to engage in a hindsight reconstruction of the claimed invention, 
using the applicant's structure as a template and selecting elements from references to fill in 
the gaps." In re Gorman, 18 U.S.P.Q.2d 1885, 1888 (Fed. Cir. 1991) {citing Interconnect 
Planning Corp, v. Feil, 227 U.S.P.Q. 543, 551 (Fed. Cir. 1985)). 

Claims 44 and 46 stand rejected under 35 U.S.C. § 103 as allegedly unpatentable over 
the combined teachings of Couch, et al.j Chaloupka, et al., and either or both of Schenk, et 
aLy and Pressler, et aL as applied to Claims 26, 27, 29-34, 41-44, and 46, further in view of 
Riberdy, et aL, J. ViroL, 73: 1453-1459 (1999). For the reasons argued above, the Applicants 
contend that Couch, et aL, Chaloupka, et aL, Schenk, et aL, and Pressler, et aL fail to teach or 
suggest the instantly claimed invention. Moreover, the Applicants agree with the Examiner's 
conclusion about the teachings of Riberdy, et aL, i.e., that skilled artisans believe that the 
H5N1 virus has pandemic potential and is being used to develop a vaccine for humans. That 
said, the Applicants submit that Riberdy, et aL has no relevance to the instant claims. 
Nowhere does Riberdy, et aL mention the use of an adjuvanted vaccine for a pandemic. 

In summary, none of the five cited references, either separately or in combination, 
teach or suggest the claimed invention with a reasonable expectation of success. Therefore, 
because none of the obviousness rejections in the Final Office Action fulfills either requisite 
prong of In re Vaeck, no prima facie case of obviousness exists. The Applicants submit their 
arguments have overcome all of the obviousness rejections in the Final Office Action. 
Accordingly, they respectfully request reconsideration and withdrawal of all of the rejections 
of Claims 26, 27, 29-35, 41-44, and 46 under 35 U.S.C. § 103. 

The Applicants thank the Examiner for the Final Office Action, and believe that they 
have responded fully to it. In view of the foregoing amendments and remarks, the Applicants 
respectfully submit that the subject application is in condition for allowance. If the Examiner 
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has any remaining objections or concerns, the Applicants respectfully request her to contact 
their undersigned attorney to resolve such issues and advance this application to issue. 



GLAXOSMTTHKLINE 

Corporate Intellectual Property - UW2220 

P.O. Box 1539 

King of Prussia, PA 19406-0939 
Phone (610) 270-5009 
Facsimile (610) 270-5090 



Respectfully submitted. 




Elizabeth J. Hecht 
Attorney for Applicants 
Registration No. 41,824 
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Tests dash hopes of rapid production of bird flu vaccine 

17:43 16 December 2005 
NewScientist.com news service 
Debora MacKenzie 



The results of first large-scale trials of a low-dose vaccine against 
H5N1 bird flu have been announced - and they are unexpectedly 
disappointing. Scientists had hoped that very low doses of 
vaccine virus would make humans immune if injected along with 
an immune-Stimulating chemical called an adjuvant. 

But on Thursday, French vaccine company Sanofi pasteur 
announced that in tests on 300 people in France, they did not. 
"The prospects for adequate global supplies of an effective 
pandemic vaccine of any kind are dimmer now than they were 
last week," David Fedson, founder of the vaccine industry's 
pandemic task force, told New Scientist. 

The first tests of H5N1 vaccine in the US in August 2005 found 
that the vinjs on its own does not stimulate much immunity in 
people. To elicit enough to ward off disease, a vaccine required 
90 micrograms of the vims's main surface protein - six times 
more than is needed in ordinary flu vaccine. 

The less virus is required per dose of vaccine, the more doses 
vaccine factories can produce in the limited time that will be 
available to immunise people at the start of a pandemic. 
Research with other types of bird flu have found such low- 
dose vaccines are possible, if the virus is combined with 
an adjuvant. 

Antibody response 

So Sanofi tested various doses of a vaccine virus based 
on the H5N1 that killed people in Vietnam in 2004, plus 
the most widely used adjuvant, alum. But no dose under 
30 micrograms elicited enough antibodies to meet offidal 
standards for flu vaccines. 

This means, says Fedson, that "if all the world's influenza 
vaccine companies were to produce this vaccine for six 
months, there would be enough to vaccinate only 225 
million people". 
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"Thirty micrograms is obviously too high." says Agnes 
Hoffenbach, Sanofi's head of pandemic vaccine research. 
"In our next studies we will try and get lower doses to 
work." 

One problem may be the adjuvant The earlier studies of 
other types of bird flu used one called MF59, patented by 
the US fimn Chiron. Supplies are limited and it is not yet 
approved for human use in the US and some other 
countries. 

Split virus 

Another problem could be that Sanofi's vaccine contained 
a split virus, rather than whole, killed virus. Split vimses 
are used for standard flu vaccines, as they elicit fewer 
side effects, but whole viruses are suspected to be more 
immunogenic. 

China's Sinovac company is now testing a whole-vinjs 
H5N1 vaccine with alum. Takato Odagiri. head of the flu 
virus lab at Japan's National Institute of Infectious 

Diseases, reported at an international meeting in Malta in September that in his tests, w 
seemed more immunogenic than split virus. He is now focusing his research solely on v 

But Hoffenbach told New Scientist: "I don't think we will look at whole virus vaccines." ' 
manufacturing processes that would have to be tested and approved. "We used our exij 
the fastest way to move to large-scale production." Tests of Sanofi H5N1 vaccine plann* 

also use split virus. 

Fedson says more avenues should be tried. "The prospects for developing a pandemic 
produced in the quantities the world will demand are now enormously more difficult," he 
more work to do." 

Bird flu: A New Scientist special report 

A flu pandemic could kill billions of people. Become an Instant Expert and read all the I 
special report 
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ANCIENT DNA 



New Methods Yield Mammoth Samples 



Ancient DNA has always held the promise of 
a visit to a long-vanished world of extinct ani- 
mals, plants, and even humans. But although 
researchers have sequenced short bits of 
ancient DNA from organisms including pota- 
toes, cave bears, and even Neandertals, most 
samples have been too damaged or contami- 
nated for meaningful results. 

Now in a paper published online by Science 
this week*, an international team reports 
using new technology to sequence a stagger- 
ing 13 milhon basepairs of both nuclear and 
mitochondrial DNA from a 27,000-year-old 
Siberian mammoth. Also this week, sl Nature 
paper reports using a souped-up version of 
more conventional methods to sequence a 
mammoth's entire mitochondrial genome. 

Besides helping reveal the origins of mam- 
moths, the new nuclear data serve as a dra- 
matic demonstration of the power of the new 
technique to reliably sequence large amounts 
of ancient DNA, otiier researchers say. "The 
*next generation' sequencer that was used [in 
the Science paper] will revolutionize the field 
of ancient DNA," predicts evolutionary biolo- 
gist Blair He(^ges of Pennsylvania State Uni- 
versity in University Paik. Ancient DNA pio- 
neer Svante Paabo of the Max Planck Institute 
for Evolutionary Anthropology in Leipzig, 
Germany, v/ho co-led the independent mito- 
chondrial study, calls the nuclear DNA work 
"really great — ^the way forward in ancient 
DNA is to go for the nuclear genome with 
technologies hke this." 

To get mammoth samples for the new 
method, molecular evolutionary geneticist 
Hendrik Poinar of McMaster University in 
Hamilton, Canada, took bone cores from 
woolly mammoths found in permafrost and 
stored in a frigid Siberian ice cave. When 
Poinar returned the samples to his lab, he was 
surprised by the amount of DNA that emerged, 

Nvvvw5ciencm9g/oig^cgi/content/abstract/1 123360 



particulsu-ly from one mammoth jawbone. This 
spedmeniiad been recovered from the shore of 
Lake Taim^o:, where very cold winters and 
short, cool, ahd dry summers tumed out to be 
ideal conditions fc«* preserving DNA. 

Poinar sent the DNA-rich sample to 
genomicist Stephan C. Schuster at Peimsyl- 
vania State University, University Park, who 
is working with a new genome sequencer 
developed by a team at Stanford University 
and 454 Life Sciences Corp. of Branford, 
Connecticut (Nature, 15 September, p. 376). 
This rapid, large-scale sequencing technol- 
ogy sidesteps the need to insert DNA into 
bacteria before amplifying and sequencing 
it. Instead, scientists break DNA into small 
fragments, each attached to a tiny bead and 
encapsulated by a lipid bubble where the 
DNA is multiplied into many copies for 
sequencing. Because each fragment is iso- 
lated before copying, the method avoids 
bias from copying large amounts of contam- 
inant DNA from bacteria or humans. 

The researchers were stunned by how well 
the method worked on ancient DNA, vMch is 
notoriously difficult to extract and sequence: "I 
would have been happy if we got 1 0,000 bases 
of mammoth DNA," said Poinar. Instead, they 
got 28 million basepairs, 13 miUion from the 
mammoth itself. Their preliminary analysis 
shows that the mammoth was a female who 
shared 98.55% of her DNA with modern 
African elephants. But mammoths were appar- 
ently closest kin to Asian elephants, as shown 
by Paabo 's mitochondrial study, which 
retrieved about 1 7,000 basepairs. 

Poinar's team also found sequences from 
bacteria, fimgi, viruses, soil micro-oiganisins, 
and plants, which the researchers s^ will help 
reconstruct the mammoth's ancient world. The 
technique was so productive that the authors 
predict it will be used soon to sequence entire 
genomes of extinct animals. -Ann Gibbons 
With reporting by Michael Baiter. 



, Peach State Sticker Shdck 

Georgia scientists are worried that a 
U.S. federal appeals panel might sidb with 
Cobb Codhty school officials afti&r the 
' pariel heard oral arguments last, week on 
the content of antievolutlon stickers 
placed In te)rtb6oks^ .-.r - ^ , ^ ' 

^ > : C^Ofgia^itizens for Int^ritS/ln Science 
:: yiA\}(^l0sa^;^at a three^udg^ panel in : 
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• / at l^:^l|^)e€ef^^^ 

reviewing a lower court ruling that the 
5tickers,-which cMl evolution 
not a f adt;'> unconstltut ionatly advance a 
/v religious wew., The court fai^ 
, acknowledge identific errors m . 

- stkker/ihe education group laments, gnlls^^ 
'X wrongly assumed that the scfipol board 

acted before fuhdanrientaUst pai'^te 
I complained,thus mooting the argument 

that the stickers were a response to reli- ■ 
' glouslnfluences.The school board dis- . 
: avovys a saying that 

the stiGkefs encourage "Gritieal thinking ' 
;Af-<;':rv\?\ii-^:^ , ^;-C6nstanceHoi,deN''"' 

; Flu Preparedness Dealt Blows 

PAWS^iFfprts to wield two key weapons , ' 
againsta future H5NT influenza pandenriic 
. haye-suffered setbacks. Last Aveek, French 

V yaccfne%iaker5anof I Pasjteur announced 
.that a pnptptype.HSNI.vac^^^ ■ 

W aluminigro^^ "adjuvant/Cpr iirirnune; \ -i 
^;;^.boost€^a|p,eare tp offe^ protei^ion Qnly . . 
I ; when twG^^^ 30 micrograjlnis.of anti- 

gen eachvi^Fe given. " ^ . ' 
^ ' ■ Sanqfi ca^^ the study "progress." but. 
t:^ rhany re?eaVchers are disappointed that 
; the(>6pi5t^r.dldn'talto^ 
' prot^G|; Because the world's flu vaccine = : 
. % manufacturing capacity Is limited^ they* - ; - 
; > had hoped, thal^^ ■ 
;V 'mightbnhg the dose needed alt the way j ' 

dowii to 2^ W or less, enabling 

V vaccine makers to make billions of doses. 

- "{AJ much better adjuvant is needed," 
says Albert Osterhaus pf Erasmus Medical 

r Center ip^Rotterdam, the Nethertands.. 
\ ; M^an>Ji^hl^®» week's NeW.frtg/a«</ . 
^r 'jpurnatQfJl^edp^^^ researchers^i^Jjort 'i 
^ ^having isolated from twp Vietrtf rnese" ^" / 

/patierits H5ivil strains that are highly , 
. resistant to the drug oseltarnivir, stock-. 

piled by rich cpuritrles. Before that, only 
: one partlaUy resistant H5N1 strain had , 
; been fouhd.^n accompanying cdmmenj • 
,^ : tary says thfe j!f lightening" r^sults;rnean . • 
V! thi^t osett^^iyit'ijiust be used wisely aii^; ' 

iirges measu^l^^ 

;hoardihg the (Jrug. . . .\ > , ' ^ ! - 

' . -■• vLV' ' V ^MaRUN ENSERINtC 
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An improved single-radial- 
immimodiffiision technique for the assay 
of influenza haemagglutinin antigen: 
application for potency determinations 
of inactivated whole virus and subunit 



vaccines'^ 



J. M. Wood^t G. a Schild,l R. W. Neumim,\ 
and Valerie Seagroatt,^ 



An improved single- radial-diffusion technique for the assay of ioHueiu^ haemagglutinin 
antigen is described. The modified method enables the results of assays of antigen to 
be obtained more rapidly and with greater precision than previously. The use of immuno- 
plates containing varied, pxe^selected. concentrations <rf anti-haemagglutinin antibody 
allows accitrattt assays to be performed over a wide range, of antigen concentrations, 
poncentrattons of haemagglutintn as low as 40 iM»ltxd could Jbe assayed with accuracy • 
and reproducibility using imrounoplates containing low antibody levels*. The method 
is applicable to the accurate determination of haenugglutiiun concentrations over the . ' 
ranges likely to be present in inactivated influenza vaccines;, 

In tests on Wyhole virus* antigen preparatiops, it was found that the ratio between > , 
haemagglutination titre (i,u,/ml> and haem aygl minin antigen activity ^(tig/tnl), detcr^ 
mined by single-radial-diSiision was relatively constant for antigens containing a given . 
strain but showed variation between strains (range t6-5-26'8 itu/ ptg H A activity )^ For 
the sub unit vaccines examined this r atio s howed a larg e degree of variation (range 1-4- 
16-6 i.u./(ig HA activity) and in general was considerably lower than 6r~ whole virus . . 
antigens* 

These findings support the conclusion that techniques based on the agglutination of 
erythrocytes may provide data on vaccine potency whfch are not directly comparable 
from strain to strain for 'whole virus' vaccines and that these methods are entirely in- 
. appropriate to potency assays of split-product or aubunit vaccines* In contrast^ single-^ 
radial'Klifiusion may be of value for assays of both 'whole ^rua' vaccines and those 
containing disrupted virions. 

* Received for publication 8 Febniary 1977. 

t National Institute for Biological Standards and Control, Hampstead Laboratories, Holly HiO» 
London NW3 6RB, En^d. 



237 



J. M. WOOD ET AL. 
INTRODUCTION 

The single^radial-diffuaion (SRD) technique has been proposed as a possible alternative 
to teats based on ti^ agglutination df 'ferythroqrtcs for the assay of the haemagglutinin 
(HA) antigen content of influenza virus vaccines (Schild, Wood & Newman, 1975). In 
the present paper we describe an improved modification of the method described earlier 
by Schild et al, (1975) which enables greater accuracy and reproducibility and also our 
experience with the use of this method for potency assays of 'whole virus' and subunit 
vaccines. 

Although there is considerable interest in the development of split-product (Daven- 
port, Hennessy, Brandon, Webster, Barrett & Lease, 1964) and subunit influenza vac- 
cines containing purified HA and neiu'aminidase (NA) antigens (Bachmayer, Liehl and 
Schmidt, 1976; Brady & Furminger, 1976; Laver & Webster, 1976) appropriate tests for 
potency assays of these products have not been defined. The studies to compare SRD 
with traditional methods for potency assays of influenza vaccines described in this paper 
provide evidence that assays based on haemagglutination are not appropriate for subunit 
vaccines. However, SRD tests appear to be of value for potency assays of these products.. 



; f 



MATERIALS AND METHODS 
Preparation of SRD plates 

Glass plates (12x12 cm*') are precoated with an agarose film (1-5% A37 agarose in 
phosphate-buffered saline, Schild et al.^ 1975) and dried. A Perspex mould (^g. 1) 




. Rg. t. 12x12 on aJass plate ^a) precoated with agaxMO upon ^''hlch 
agamse 9 cm in diamrter (b) using a Perspex i ' * ' ** * " " ^ 

in the agarose' uaii^ a'^enpcx template. . 



. > 



srspex mould (c). Wells, 4 mm in diiuzieter» tike ait'T?(;^ ' 



with internal diameter 9 cm is scaled to the glass plate udng fi few; drops of mbltch;? 
• agarose. After the sealing gel has solidified, 12 ml of agarose containing an appropiisie 
concentration of anti-HA serum Is poure.d into the mould. .The gel is allowed v"' 
(approximate^ 15 nun) and several wells, 4 mm in diameter,- are punched inta^tji^^^ 
agarose using a Perspex template and the mould b removed. ^ ' '^^^^fi^^ ' 

Performance of SRD tests * ■ * ' '^X^-.''*-'^-.''' ■ ►r^"^'^^;^^'^^'^'-''-; 

Volumes of 20 (il of appropriate dilution&of reference and lest antigens are introducm. \- 
into the wells in the agarose followed 15 min later by 10 [il volumes of deteigent, sodi^ 
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lauryl sarcosinate (sodiuni sarcosyl, Ciba-Geigy NL97, 5% in H^Oy as previously 
described (Schild et al,, 1975). It is important that each dilution of the test and reference 
antigen is prepared independently in order to obtain a valid dose-response curve. It is 
recommended that tests be performed on duplicate SRD plates and that the position 
of the test and reference antigens be randomized on the plates. 

Processing and reading of SRD plates 

After leaving the plates for 24 h in a moist chamber to allow difFu 
they are washed for 30 min in phosphate-buffered saline and the gel is then pressed and 
dried according to the method of Axelsen, KroU & Weeke (1973). A sheet of moist 
filter paper is laid on the agarose surface, followed by four layers of absorbent lint and 
covered by a sheet of glass. A weight of 650 g (10 g/cafi of agarose) is placed on the 
glass. The gel is pressed for 15 min and then for a fiirdier 15 min after the lint is 
changed. The weight and lint are removed and the geb, with filter paper attached, are 
allowed to dry in warm air. When perfectly dry, the filter paper is peeled off and the 
plates are stained in Coomassie Brilliant Blue (0-3% w/v in a mixture of 12% acetic acid 
and 29% methanol) for 5-10 min. The plates are then destained in two changes of 
metibanol-acctic add mixture (12% acetic add, 29% methanol) for 15-30 min, until 
clearly defined stained zones are visible, and finally dried iii warm air. 

The diameter of the stained zones surrounding antigen wells is measured in two 
directions at right angles using a micrometer eyepiece, dose-^response aurves of antigen 
dilution against zone annulus area are constructed and the results are calculated accord- 
ing to standard slope-ratio assay methods ( Finney, 1952) . ' . • 

Guidelines for spedfiiaty and potency of onti^haemagglutMn sera for use in SRD assays 

Suitable antisera may be prepared by the immunization of goats' or rabbits with 
purified HA subunits together with Frettnd*a complete adjuveiit. Appropriate techniques 
for the isolation of HA from purified virus include the treatment of Virus with broiiielaiii 
(Brand & Skehel, 1972) followed by the separation of HA on sucrose velodty gradiishts 
or by the' separation of HA from detergent-disrupted viruis by electrophoresis on celliilose 
acetate strips (Laver, 1964; Schild, 1970). Considerable variation exists in the behaviour 
of different virus strains to treatment with bromelain or detergents and the best method 
must be established for each strain by experimentation. 

It is important that the reference hyperimmune anti-HA sera should be subjected 
to tests for spedfidty and potency in order to estabUsh their usefulness for SRD assays. 
•. (1) The purified HA used as antigen should be. shown by polyacrylamide gel electro- 
phoresis to consht of two polypeptide spedes (HAl and HA2) with molecuiar 
. weights of approximately 58 and 28 x 10* (Skehd & Schild, 1971). . ' ' ; . 

(2) Antisera should be tested for specificity to HA by appropriate techniques (see 
review: Schild & Dowdle, 1975) including haemagglutination-inhibitiony neur- . 
aminidase .mhibition, SRD and immuno-doublcr^ifiiision (IDD). Plate 1 illus- 
trates IDD tests to confirm the specifidty of the reference antiserum to A/Victoria/ 
3/75 HA described below. There should be no detectable antibody to neuraminic 
dase» nucleoprotein or matrix protein in the serum. ' / 

(3) Antisera should show the expected degree of cross^reactivity and spur formation 
when tested in IDD against homologous HA antigen and strains possessing anti- 
genic variation within the same subtype (Plate 1).. 
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(4) The potency of anti-HA antisera may be determined by an SRD assay for anti- 
body using purified homologous virus in an agarose gel under standard conditions 
using 0-2 mg virus andgcn/ml gel (Schild, Aymard-Hcnry & Pcrcira, 1972). In 
order to be useful as an SRD reference reagent, antisera should produce zones of 
at least 20 mm*. 

Reference reagents 76/547 and 76/548 

Freeze-dried reference reagents are now avaibble from the National Institute for 
Biological Standards and Control (N.I.B.S.C.) for SRD assay of the HA of A/Victoria/ 
3/75 (H3N2) virus antigen. The reference antiserum 76/547 was prepared in goats 
to the purified HA of A/Victoria/3/75 vims, X47 strain. X47 is a recombinant between 
A/PR8/34 (HONl) and A/Victoria/3/75 (H3N2) prepared by Dr E. D- KUboume, 
Mount Sinai Hospital, New York. It contains HA (H3) and neuraminidase (N2) 
antigens derived from A/Victoria/3/75 and possesses the high yielding growth charac- 
teristics of A/PR8/34. The HA antigen was extracted from purified X47 virus by treat- 
ment with bromelain. Two doses of approximately 300 |jtg of HA with Freund's com- 
plete adjuvant were given intramuscularly at 3 week intervals and serum was collected 
10 days after the second immunizatioxu The serum produced zone areas of approxi- 
mately 70 mm* in SRD tests using purified X47 virus in the gel and had an HI titre 
of 1:30 000. 

The serum was shown to be specific to the HA of A/Victoria/3/75 by immxmo-double- 
diiiu^on and SRD (Plate 1). Each ampoule of frecze-dried serum (76/547) contains 
1 ml of a one-eighth dilution of the goat serum. Wheii the contents of one ampoule are 
added to 24 ml agarose (suflSdent agarose for two SRD plates), the serum concentration 
is 5 |il serum/ml agarose. " ; : v : 

Refexence antigen 76/548 is a preparation of A/Victori!|/3/7S. vutms, X47 straip which 
has been purified by rate zonal cen^trifugation and tftc. HA antigen pcriwty calibrated 
in SRD tests using highly purified X47 vims of known protein .content (LpWi Rwe- 
bxough, Farr & Randall, 1951). 

Table 1. Calibration of HA antigen activity of reference antigens 76/548 

. . and 74/560 - ' ' 



Concentration of haemagfi^utinin 



. Batch of 
/ purified 
, virus 


f 

Purified 
virus* 

(l^g/tnl) 


: • 

Reference antigen (^g acrivity/ml) 

•v: • . ^ -—^ — — ^' 

. 76/548t ' 74/560t 


X47 1 


2280 
1770 


34-5 
. ' 41-4 




Mean 




.37-9 




MRCll 1 

2 . • 

••. • • 3 ' 
4 


1800 
2970 
3180 
• 2700 


■'• ■ " — «' * 


81-8 

.*83*3 * 
80-4 
745 


Mean 






. 80 0 . 



* Lowry protein estimate* 

t Estimate by assay of 76/548 and pturified X47 virus in SRD tests. 

t Estimate by assay of 74/560 and purified MRCll virus in SRD tests. 
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Reference 76/548 was estinuted to contain 38 (zg of HA activity which Is the mean of 
two determinations using separate batches of X47 virus (Table 1); this is equivalent to 
1000 i.u. for the A/Victoria/3/7S virus strain. 

Similarly, reference A/Port Chalmers/l/TS antigen, 74/560 was calibrated with four 
separate batches of MRCll virus (recombinant with antigenic characters of A/Port 
Chahner3/l/73 (H3N2) and high growth character of A/PR8/34 (HONl) using the 
modified SRD technique (Table 1). Reference 74/560 contains 80*0 |jig of HA activity/ml 
which is equivalent to 1962 Lii./ml for the A/Port C!hahners/l/73 strain of vims. 

Reference reagents for assay of the HA's of A/New Jersey/8/76 (HswlNl) virus are 
available from N.LB.5.C, and are in preparation for B/Hong Kong/8/73 virus* 

RESULTS 

The basis of SRD assays for HA antigen is the comparison of zone sizes produced by 
dilutions of a reference antigen and a test antigen (e.g. a vaccine) on the same immuno- 
plate. Thus it is important to establish the homogeneity of reactions within one plate. 
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hi ItS Ii4 
Dilufion of Migen 

Fig. '2. Dose-response linear regression lines for reference antigen (R)» vaccine of 100 
i.u./d*5nil (VI) and vaccine of 400 i,u./0<5 ml (V2) when senun ooncentration in tho -ffj- 
agarose is varied, (a) 40 (d 76/547 senim/mi gel; (b) 20(a1/ri1; (c) 10|U/ml; (d) 5|d/nil* V 
R and V2 are prediluted in testa with low serum concentiations; one-half dilution for 10 td -^^ 
serum/mi gel» one^-third dilution for 5 |d serum/ml gel* " '■^''^yi^!'?'- 
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Plate 2 shows a represeiitative hnmunoplate on which «^cate tests were made of a 
single antigen preparation over the surface of the plate. The variation of the zone sizes 
throughout the plate did not exceed 5%. 

Plate 3 illustrates stained immunoplates containing 20, 10 and 5 (J of anti-H A scrum/ml 
agarose, on which had been tested dilutions of four A/Victoria/3/75 antigen preparations, 
a caUbrated reference antigen (R). two vaccine preparaoons of differing potcnqr (VI 
and yi) and a sample of purified X47 virus (C). With ail concentrations of serum the 
zones were clearly defined and easily measurable. There was an inverse reUtionship 
between antiserum concentration and zone size. With the lowest concentration of anti- 
senim a vaccine of low potency (nominaBy 100 i.u./0-S ml) gave zones large enough 
to be accurately measured (8 mm diam.). . 

Dose-response curves for antigens R, VI and V2 on plates containing a range of anti- 
serum concentrations from 40 to 5 jd/ml agarose are shown in Fig. 2. Since the more 
potent antigens (R and V2) gave very large zones on plates containing low antiserum 
concentrations these were pre-diluted bef9re preparing serial dUutions for test (one half 
for tests using 10(jil serum/ml agarose and one-third for tests using 5|tl senun/ml 
agarose). For each concentration of antiserum there was a linear relationship between 
dilution of antigen and zone annulus area as found in previous studies (Schild rt al, 
197S). When the regression lines were fitted with a common intercept, the slopes of 
the lines were proportional to the potency of the antigen (Finney, 1952). 

It is seen (Table 2) that the estimated potencies of the two test antigens (VI and 
V2) are in good agreement over the range of serum concentrations used. 

Table 2. Effect of serum concentration in agarose on estimate of vaccine 

potency by SRD ' . 





Calculated antigen concentraticm* 






i 

Vaccine 2 




Vaccine 1 
^ — 


I 


Ccmcentratioii of sennn 
dU/ml agarose) 


r- ' * 

ligHA 

activity/0-5 mlt i-u./0'S ml 


activity/O-S mlt * 


.u./0'5.m 


40 
20 
10 
5 


14-5 
14^8 

13- 8 

14- 4 


380 
389 
362 
378 


3-69 
3-55 
302 
3;67 


97 
93 

. 79 V 
-96 ^ 


Mean 


14-3 


377 


3-48 


91. 


95% confidence limits 


13-7-lS-O 


359739s 


; 2-98-3-97 . ;r 


.7a-iof 


of mean 






■ 





• Calculated using reference antigen /opto 100 H5ir«"»»-»;"»i'"'. ^ - 

t Results are expressed in terms of 0-5 ml volumes smce th» » the conventional 

dose tor an inactivated vacane. >•;•>; ■^V, 

The reprodudWBty of the technique using low serum concentrations (5 jJ/ml agarose) 
was asse^ed over a 3 day period. Two vaccines of low «itigenic«mtent^ were assayed 
against the reference antigen 76/548, pre-dihited one^hird. The ant«ea .41ut.on» 
were randomized on dupUcate plates and the results were analysed as a nrndomwcd 
block. All d«e assays were statistically valid at the 5% levd usmg the cnterui of «m- 
mon intercept and insignificant deviation from linearity. The potency estiinattt vntH 
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Vhitc I. Use of itmnuno^Uoublc-tliirusUm tests for ilvlvriuinntion of spcuincity of refer- 
ence nntiserum to A/VictnnW3/75 HA (ref. 76/547). WcUh niarked VIC. I IK and PC 
were filled with concencmtcd virus preparation of A/Victon*a/3/7S. (H3N2) (X47 stniin), 
A/Hong Kong/1/68 (H3W2) and A/Port Cbalmers/1/73 (H3N2). Wells marked N nnd U 
contained avian influenza virus A/Chicken . Germany/ N/49- (Ha v2NeiiI) and B/Hon^- 
Kong/8/73.' -Vhe virus anti^^ens were disrupted in the wells- by the addition of sodium 
'sarcosyl determent. 

Wells marked a-HA> a-M, a-NP and a-NA \ycre filled with undiluted hyperimmune sera 
as follows: a-HA, Roat antiserum to purified A/Victoria/3/75 HA (ref, 76/547); a-M, 
rabbit antiserum to purified influenza A matrix protein; n-NP. nibbit antiserum to purified- 
influenza A nuclebprotein; a-NA, rabbit antiserum to purified neuraminidase of A/Port 
'Chalmers/ 1/73 virus. Plate 1(a) shows that the precipitin reaction given by the reference- 
antiserum for A/Victoria/3/75 HA is composed of a single clearly defined line showing lack 
of identity with lines produced by reference anttsera to other virus components, (kieur- . 
aminidase-N2, nucteoprotein and matrix protein antigens); /■ ■f'^l^'^r'' 

Plate 1(b) shows ' that the antiserum to A/ Victoria/3 HA cross-reacts with viruses con- 
taining related H3 hnemn^^glutinins, A}Hong Kong/1/68 and A/Port Chalmers/ l/73» .'llie 
lipurs between' the reactions given by the different strains indicate 'that antigenic differences 
' exist' between the HA. antigens of these strains and the homologous 'A/Victoria/3/75' virus, ' 
whilst the shared reactions confirm that all antigens are of the H3 subtype. Similar patterns 
of cross-rpaction have been reported previously (Schitd et aL, 1973). Virus strains con- 
raining unrelated MA antiffens (influenza U/Hong KonR/8/73 and A/Chicken Genhimy/N/49) 
gave no precipitin reactions. . , . .. 
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Vlate 3. Effect of different serurii cbnccntntioni in the R^^^Pf",*^^^,"^ " 

action »mea. The gels contain (a) 20 76/547. serum/ml 8el, (W W lU/inl, « 5^^; i,; .y- >V^'r^ 
The wells in rows R. VI, V2 and C contain reference antigen 76/548. vaccme of lOO lu-/ ^ -...^^^^^^ 
is ml, vaccine of 400 t.J./0-S nd and concentrated purified X47 virus respectively. . n V't^^S^^ f t^l:"^ 
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Tab LB 3. Reproducibility of SRD teat using low senun concentrations in 

agarose 

Calculated antigen concentration* 



95% confidence limits 





Day of 
assay 


ligHA 
activity/0-5 ml 


i.u./0*5 ml 


4 ^ 

T T A 

activity 


i.u» 


Vaccine A 


1 


3-8 


100 


3-3-4-3 


88-113 


2 


3-5 


92 


3-2-3-8 


85-100 




3 


3*8 


100 


3-5-4-1 


91-107 




Mean 


3-6 


96 


3-S-3-8 


92-101 


Vaccine B 


1 


3-8 


100 


3-3-4-2 


88-112 


2 


35 


93 


3-2-3-8 


85-100 




3 


3-7 


97 


3-4-3-9 


89-104 


Mean 




3-6 


96 


3-5-3-8 


91--100 



* Calcubted using reference antigen 76/548. 

Table 4. Ratios between haemagglutinating activity (i.u./ml) and HA con- 
centration ((Ag/ml) estimated by SRD for different infiuento virus strains 







Potency estimates 


Ratio 
i.u./(tg HA 
- activity 


Influenza virus strain 


Antiig^ 
preparation 


f 

Lu./ml* 


Jig HA activity/ml 
assessed by SRDf 


A/Port Ch&lmers/l/73 (H3N2) 
(MRCll strain) 


Whole vinjat 


1962 
1062 
500 


80-0 
39-6 
21-4 


24-5 
26-8 
23-4 




SubunttS 


7660 
1129 


460-9 
510-1 


16-6 

2-2 


A/Victorta/3/7S (H3N2) 
(X47 strain) • 


Whole virus 


1780 
651 


. : 78^ 
30;8 • ^ 


22-8 • 




Subunit 


4463 






A/New Jer3cy/8/76 (HswlNl) 
(X53 strain) 


Whole, virus 


900 
2347 


: 136-8 


" 




^Subunit 


1214 


847-0 


: .:H"v 


B/Hong Kong/8/73 \' - 


Whole virus 


900 


. 36-0 - 





i.u. assays perfotmed by haemagglutinatton testa as described by Westwood , 

eta/: (1971). . * V ! 

tData obtained by use ofreference antigen calibrated, agatnat purified virus : 

of known HA contmt. 
X Inactivated monovalent 'whde virus* vaccines found by electron micrcMCopy 

to contain mainly intact virus. 
I Purified subunit vaccines (Brady '& Furmtnger, 1976). 
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their 95% confidence limits are shown in Table 3. These estimates were judged to be 
homogeneous by the ;^.test, indicating that the rcprodudbiUty of the assay method 
was good* 

In addition to the studies with A/Victoria/3/75 virus described above, the SRD tech- 
nique has been appHed to other influenza A viruses including A/Port Chalmer3/l/73 
(H3N2), A/New Jerscy/8/76 (HswlNl) and B/Hong Kong/8/73 using homologous 
anti-HA sera- These viruses were in the form of inactivated monovalent 'whole virus' 
vacdnes produced commercially by zonal centrifugation and subunit vaccine prepara- 
tions (Brady & Furroinger, 1976). Potency estimates were made for the vaccines in 
terms of Lu. values (haemagglutination assays; Wcstwood, Woodward & Perkins, 1971) 
and in terms of |ig HA activity/ml (SRD assays)- The ratio of i.u^/^g HA activity was 
calculated for each preparation (Table 4). It can be seen that this ratio was consistent 
for whole-virus antigens of a given strain and less constant between strains. The sub- 
unit antigens examined were commercial bulk materials prepared as described Brady 
and Furminger (1976) and tested before dUution to final vaccine strength. The ratios 
of i.u./|xg HA activity varied widely for these preparations and were considerably lower 
than those obtained for •whole virus' preparations of the same strains. 



DISCUSSION 

The modified SRD technique described in the present paper has a number of technical 
advantages over the method previously described by Schild at (1975). These include 
. greater precision and reprodudbiKty due to the small degr^ of within-phte variatipn 
in the size of reaction zones; thi applicabiHty of the method to the assay of low concen* 
trations of HA, which b possible because of the drying of agarose g^ls duf ing proccssii^?; 
and the greater rapidity in processing,, enabling assays to be performed within 27 h. 
The modified technique permits work with low concentrations of iinti-HA seni|n» 
allowing accurate and reprodudble quantitation of HA antigen activity as low as. 2 |ig/nil 
(approximately 40 Lu./ml). WhUst amounts of antigen considerably below thb concen- 
tration are detectable, they cannot be accurately measured. The optimal concentration 
of antiserum for use in the test described varies wiA the potency of the antigen being 
assayed. It is recommended that, in order to assay A/Victoria/3/75 vaccines of conven- 
tional potency (nominally 400Lu./0-5 ml), 250 (il of reference anti-HA serum 76/547 
should be added to 12 ml of agarose. For vaccines containing low concentrations of HA 
(100i.u./0-5 nd) 63 |il of antiserum per 12 ml of agarose should be used. .The data:, 
presented in Table 2 show that the potency estimates of the rrference or test antigens 
are independent of antiserum concentration. • «^ - * : , ^ 4 . a 

If the SRD teat is to be employed widely for potency/assays it wiU be necessary to 
develop an internationally accepted unit of measurement for the HA content of ^influ- 
enza vacdnes based on this test. One pos^ble unit of measurement is (ig HA activity/ml 
(SchUd et qL, 1975). Determination of HA concentrations may be achieved by cah- 
brating working reference antigen preparationa in terms of |Ag HA activity/ml using 
highly purified influenza virus containing known amounts of HA. The basm of this 
estimation is the knowledge of die polypeptide composition of the puriBed influenza 
virus preparation and the determination of tiie HA protein as a proportion of total 
virus protein. In our studies tiiis value was taken as 33% the dettaminarion for 
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A/Hong Kong/68 (H3N2) virus by Skehel & Schild (1971). The vinisca included in 
the present studies were shown by polyacrylamide gel analysis not to differ significantly 
in polypeptide composition from A/Hong Kong/68 virus. For routbe purposes, a 
working reference antigen is calibrated with a minimum of two or three different prepara- 
tions of purified virus, and the values for ^ig HA activity/ml should be consistent for 
each of these preparations (variation <20%), before a mean value is ascribed to the 
working reference. 

The SRD technique also allows vaccine potency to be expressed in terms oflu. equi- 
valents by comparing the SRD reaction of a test antigen with that of a reference prepara- 
tion which has been calibrated in i.u. by haemagglutination titrations against an HA 
standard (Krag & Weis Bentzon, 1971 ; Wcstwood et aL, 1971). 

The data m Table 4, showing the ratios between the potencies of different antigens 
when determined by standard haemagglutination titration (i.u.) and by SRD, emphasize 
the need for a suitable replacement for potency tests of inactivated influenza vaccines 
based on the agglutination of erythrocytes. Although the relationship between haem- 
agglutination titre and (jig HA activity/ml was reasonably constant for "whole virus' 
preparations within a given strain of virus, the ratio varied when different virus strains 
were ecamined (16-5-26-8 i.u./ptg HA activity). There was even greater variation in 
the ratio between different subunit vaccine preparations (1-4-16-6 lu^/jig HA acttvxty). 
The lowest ratio was detected for swine influenza (A/New Jer8ey/76) vaccines. Thus] 
based on equivalent haemagglutinin activities, vaccines containing this strain would be 
expected to contain more haemagglutinin antigen than vaccines containing A/Port 
Chalmers/73 or A/Victoria/3/75 viruses. It may be assumed that the haemagglutination 
tittle of an anUgen is a function of the intrinsic properties of the HA of the virus strain 
{binding afiinity for erythrocytes) and the physical state of the antigen in the preparation. 
For >|iole vims' vaccines the de^e of aggregation of virus particles, the morphology 
of particles (spherical or filamentous) and the presence of partially disrupted viniff are " 
relevant factors. For split-product or eubunit vaccines the ratio would be expected 
to differ fifom that of 'whole virus' preparations and would: depend on the highly vari- 
able arrangement of HA subunits in the preparation. For the Subunit Vaccines tested 
the haemagglutination titre was low in comparison to the amount oif HA antigen activity 
present. Thus conventional haemagglutination assays would underestimate the potency 
of these preparations. In the extreme case, certain methods of HA antigen preparation 
may result in mainly monomeric subunits which are devoid x>f haemagglutination 
activity but4ihey may contain large amounts of antigen detectable by SRD. ' f > ;3 

Assays bad(id on SRD are not dependent on the physical state of the antigen since 
the addition of sodium sarcosyl detergent results in the production of diffusible HA > 
' subimits whatever the original state of the antigen. . > : ^^^^ii;^^^^ 

• A further advantage of the SRD technique is that it may be applied to each of the 
HA components in the final product of multhralent influenza vaccines containing two 
or more virus types or subtypes, by means of a range of immunoplates containing appro- 
priate anti-HA sera. No cross-reaction between the HA antigen of different influenza 
types or subtypes has been observed in SRD tests. In contrast, assays based on aggluti- 
nation measure the entire HA content without selectivity, the ambimt of each compo- 
nent in the final pmduct being assessed before blending. - • • v . ■ '•'rf-;:.-:'^/;.:'- r 
In SRD tests with antigenic variant HA antigens it has been found that variant strams 
within an HA subtype (eg. H3) produce reaction zones which are clearly distinguished 
by their much lower intensity than zones produced by the homologous antigen (Schild 
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& Wood, in preparation). The SRD technique may thus be used effectively to confirm 
the correct antigenic composition of test vaccines. 

It should be emphasized that no in vitro technique so far proposed for potenqr esti- 
mation will predict exactly the antibody response to inactivated influenza vaccines in 
man. The antibody response is dependent on several factors including the physical 
arrangement of the antigen ('whole virus* or subunit preparations) and the age and 
existence in vaccine recipients of antigenic memory to antigens identical or related 
to those in the vaccine (Virelizier, Allison & Schild, 1974). The role of such variables 
must be determined by experimentation and experience. However, the problem of 
assessing the amount of antigen in a vaccine is a basic and essential requirement to the 
determination of appropriate dosage schedules for effective immunization. 

The results reported here emphasize the unsuitability of potency estimates based on 
haemagglutination phenomena for influenza vaccines. 

Using similar SRD techniques to those described for HA, estimates of the amounts 
of other virus-specific antigens (neuraminidase, nudeoprotein and matrix protein) may 
be obtained. Work on the development of reference reagents for standardization of 
these other components Is currently in progress. 
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